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Abstract
    Twenty six SSR markers are screened by 65 cultivars of Brassica oleracea L. from 

seven botanical varieties, with 98 plants tested in total. The objectives of this study are 

to establish a set of SSR markers to distinguish the majority of cole crops (Brassica 

oleracea), and to serve as a base for including molecular markers as a tool in practical 

variety identification in cole crops. The genetic relationships between different varieties 

are also discussed. The 26 primer pairs amplified 103 alleles in total in all plants, the . 

number of alleles per locus of the selected makers ranged from 2 to 12, with an average 

of 3.96. Number of genotypes detected by each marker ranged from 2 to 27, with an 

average of 6.92.The PIC values of different markers range from 0.2635 to 0.8488, with 

an average of 0.5399.The 26 SSR markers could distinguish all cultivars in this study, 

the genetic distances between pair-wise cultivars range from 0.098 to 0.8605, with an 

average of 0.651. Principal coordinate analysis (PCoA) and UPGMA cluster showed 

similar results, all the 65 cultivars separated into seven groups as the taxonomy of 

botanical varieties, i.e. Chinese kale, broccoli, cauliflower, kohlrabi, cabbage, Brussels 

sprouts, and kale. Two Broccolini cultivars were classified to the broccoli group. 

According to the results of genetic distance and cluster analysis of different varieties, 

broccoli and cauliflower have the closest phylogenetic relationship, Chinese kale is the 

most distant variety from the other, however, still in same species. The result of 

intra-cultivar variations indicates that pre-knowledge of the genetic variability within a 

cultivar is needed before the application of molecular markers in actual variety 

identification in cole crops. 



1

 (Brassicaceae)  (Brassica)

B. oleracea

 (Babula et al., 2007; Dixon, 2007; Song et al., 1988a; Tsunoda 

et al., 1980)

 (Crisp, 1982; Gray, 1982; Song et al., 1988a)

B. oleracea  (Vaughan, 1977)

 (Lazaro and Aguinagalde, 1998a)

DNA

RFLP

(restriction fragment length polymorphisms) RAPD (random amplified polymorphic 

DNA) (Kianian and Quiros, 1992; 

Phippen et al., 1997; Slocum et al., 1990; Song et al., 1988a; Song et al., 1988b)

RFLP DNA RAPD

 (Tommasini et 

al., 2003)

 (simple sequence repeat, SSR) 

multiplex PCR PCR

DNA SSR

SSR

(Hayden et al., 2008a; Hayden et al., 2008b)



2

SSR

B. oleracea  (B.

napus) SSR  (Lagercrantz et al., 1993; Szewc-McFadden et al., 

1996)

DNA B. oleracea

SSR

 (Iniguez-Luy et al., 2008; Louarn et al., 2007; Tonguc and Griffiths, 

2004)

SSR

multiplex PCR DNA

SSR

B. oleracea
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 (Brassica oleracea L.) 

 (Brassica)  (Brassicaceae) 39  (Dixon, 

2007; Gupta, 2009; Tsunoda. et al., 1980) B.

deflexa n=7 B. dimorpha n=22 (Tsunoda et al., 1980)

 (1935)  “ The triangle 

of U ”  (B.

rapa 2n = 20 AA)  (B. nigra 2n = 16 BB)  (B. oleracea 2n = 18

CC)  (B. napus 2n = 38 AACC)

 (B. juncea 2n = 36 AABB)  (B. carinata 2n = 34 BBCC)

 (amphidiploids) (Tsunoda et al., 1980)

DNA RFLP  (Lowe et 

al., 2002; Song et al., 1988b

cole crops B. oleracea L. 11

B. oleracea L. var. acephala DC. (kale, collard ) B. oleracea L. var. 

alboglabra Bailey. (Chinese kale ) B. oleracea L. var. botrytis L. (cauliflower

) B. oleracea L. var. capitata L. (cabbage ) B. oleracea L. var. costata DC. 

(tronchuda kale) B. oleracea L. var. gemmifera DC. (Brussels sprouts )

B. oleracea L. var. gongylodes L. (kohlrabi ) B. oleracea L. var. italica

Plenck. (broccoli ) B. oleracea L. var. medullosa Thell. (marrow stem kale)

B. oleracea L. var. oleracea L. (wild cabbage ) B. oleracea L. var. ramosa

DC. (thousand headed kale) B. oleracea L. var. sabauda L. (savoy cabbage

)

B. oleracea 7  (cultivar 

group)  ( 199 Dixon, 2007; Kays and Dias, 1995)

30
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 ( leafy kales) 

(Prance and Nesbitt, 2005)  ( 2005)

 ( 1998)

1680

 ( 2005)

 (

2005)

1750

 (Hancock, 2004)

1.5 - 3
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 ( 2007) Mann

Packing Company Broccolini®

FAO (2008) 27

1,063,451 2 % 18,026,726

7.6 %

3,106,963 5.7 % 69,664,185

2 %

70 %

97 97 8,911

5.8 % 348,818 13 %

2,811 1.8 % 67,877

2.5 %

 (

)  ( )  ( )

 (L- L- L- L- L- L- L-

L- L- L- )

(phytoalexins)  (brassinin spirobrassinin brassilexin camalexin

1-methoxyspirobrassinin 1-methoxyspirobrassinol methoxyspirobrassinol methyl 

ether)  (feruloyl isoferuloylcholine hydroxybenzoic neochlorogenic

chlorogenic caffeic p-coumaric ferulic sinapic acids anthocyanins quercetin

kaempferol)  (glucoiberin glucoraphanin glucoalyssin gluconapin
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glucobrassicanapin glucobrassicin gluconasturtiin neoglucobrassicin)  (Jahangir 

et al., 2009)

10 g

(Jahangir et al., 2009)

(Glucosinolates) 

 (isothiocyanates)

(thiocyanates)  (oxazolidine-2-thione)  (nitriles)

pH

 (Kushad et al., 1999)

nitriles

    Glucosinolate

Ca Fe phytates

 (Jahangir et al., 2009)  (glucosinolate) 

 (Hancock, 2004)

B. oleracea

B. oleracea

B.

oleracea B. oleracea

B.

montana B. rupestris

B. cretica  (Dixon, 

2007)
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B. oleracea

 (B. oleracea L. var. 

oleracea) B. cretica

B. insularis B. rupestris  (Dixon, 2007)

B. oleracea B. oleracea L. var. sylvestris

2500  (Babula et al., 

2007)

 (UPOV) 

1961 1968

1972 1978 1991 1998 4

 (Tommasini et al., 2003)

(Novelty) (Distinctness)  (Uniformity)  (Stability)

2010 4 UPOV 68

UPOV

93 94 6 30

UPOV

 (Louarn et al., 

2007) UPOV  (reference variety) 

 (Tommasini et al., 2003)
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 (Southern hybridization) 

PCR (Polymorphism chain reaction) 

RFLP (Restriction fragment length 

polymorphism, )

DNA DNA

DNA

RFLP

 (Nguyen and Wu, 2005)

PCR RAPD (

DNA) AFLP (Amplified fragment length polymorphism) SCAR (Sequence 

characterized amplified region) CAPS (Cleaved amplified polymorphic sequence)

ISSR (Inter simple sequence repeat) SNP (Single nucleotide polymorphism) 

SSR (Simple sequence repeats)

    RAPD  ( 8 - 10 ) DNA

 (Lazaro and Aguinagalde, 1998b)

PCR

 (Tommasini et al., 2003) AFLP DNA

DNA  (adaptors)

PCR

DNA AFLP RFLP RAPD

DNA  (Hale and 

Farnham, 2005)

    SCAR ( ) RAPD RAPD

SCAR RAPD

CAPS ( ) PCR-RFLP
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PCR  (Nguyen and Wu, 2005)

    SNP ( ) DNA

0.1 % 1 kb

SNP

    SSR ( )  (Microsatellite) 1 - 5

 (motif) 

DNA

PCR

    ISSR ( ) SSR SSR

DNA

RAPD RAPD  (Leroy 

et al., 2000)

SSR SSR

 (slippage) 

DNA DNA

 (Lai and Sun, 

2003; Schlotterer and Tautz, 1992)

/

 (GT) n  (GC) n Z-DNA

 (Lagercrantz et al., 1993)

SSRs 1/5 AA/TT AT/TA

CT/GA GT/CA

SSR PCR

SSR

 (Tonguc and Griffiths, 2004; Westman and 

Kresovich, 1998) SSRs
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 (Kimura et 

al., 2009; Lagercrantz et al., 1993; Louarn et al., 2007; SzewcMcFadden et al., 1996)

SSRs SSR 10 - 20

SSR
32P

 (Lagercrantz et al., 1993; Lowe et al., 2004; Szewc-McFadden et 

al., 1996) SSRs

 (Tonguc and Griffiths, 2004; Westman and Kresovich, 1998)

 (small-insert genomic library) 

(microsatellite-enriched genomic library) 

 (Karagyozov et al., 1993; Metais et al., 2002; Ostrander et al., 1992)

DNA EST 

(Expressed Sequence Tags) genome shotgun sequences SSRs

 (Burgess et al., 2006; Kong et al., 2007; Portis et al., 2007; Tonguc and Griffiths, 

2004)

 (Tonguc and Griffiths, 2004)

SSRs

DNA

SSR

SSRs

SSRs  (inversion)
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 (multiple loci)

SSR DNA

 (Lowe et al., 2002; Westman and Kresovich, 1998)

 (microsatellite-anchored fragment length polymorphisms, 

MFLP) SSR  (Tonguc and Griffiths, 2004; Yang et al., 

2001) AFLP SSR-anchored primer

 (adaptor) 

 (Yang et al., 2001)

SSR

SSRs  (Mansfield et al., 1994)

SSRs

DNA SSRs

 (genotyping) PCR

PCR

M13-tailed primer SSRs

 (Boutin-Ganache et al., 2001)

M13 forward reverse

M13 PCR M13 SSRs

SSRs

    Hayden M13-tailed primer multiplex PCR

multiplex-ready PCR (Hayden et al., 2008a; Hayden et al., 2008b)

multiplex PCR marker PCR

PCR multiplexing PCR

SSRs

Post-PCR multiplexing ( multi-pooling ) SSRs
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PCR 2 multiplex-ready PCR

SSRs

SSR SSRs

SSR   SSR

SSR

 (Li et al., 2006)  (Kong et al., 2007)  (Watcharawongpaiboon 

and Chunwongse, 2008  (Rodriguez-Plaza et al., 2006)

 (Tsukazaki et al., 2006)  (Khattak et al., 2007)  (Portis et al., 

2007)  (Stagel et al., 2008)  (Kimura et al., 2009)  (Ma et al., 

2009)  (Simko, 2009)  (Bouhadida et al., 2009)

(Tantasawat et al., 2010; Xu et al., 2010)  (Bredemeijer et al., 

2002)  (Coelho et al., 2009  (Hayashi et al., 2008

 (Lacis et al., 2009  (Metais et al., 2002)

 (Blair et al., 2008  (Fukino et al., 2008)  (Ghislain et al., 

2009)

1990

Lagercrantz  (1993)  (B. napus)

5 SSR B. napus B. rapa

B. oleracea B. nigra 15

Kresovich  (1995) 

15,000 140 clone  (GA) (CA) (GATA) 

SSRs  (GA) 24 SSR

multiplex PCR SSRs 15 SSR 3 B. napus 4

B. rapa 4 B. oleracea  (Szewc-McFadden et al., 1996)

 (repeat number) 

 (Arabidopsis thaliana L.) 

SSR

30 SSR 6 22
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7

 (Westman and Kresovich, 1998) 5

SSR 32

18 14

 (Westman and 

Kresovich, 1999)

    Lowe  (small-insert genomic library) 

B. oleracea B. nigra B. napus B.rapa 2002 2004

16 138 SSR 13 86

(Lowe et al., 2004; Lowe et al., 2002) 1995 Parkin

N-o-9  (resynthesised) SYN1

N-fo-61-9  (double haploid, DH) 90 RFLP

N16 18 97 N-o-9 SYN1

SSR 136

19 67 1 24

2 6 3  (Lowe et al., 2002; Lowe et al., 2004)

SSR

Tonguc and Griffiths  (2004) 512 B. oleracea DNA

43 SSRs 36 SSR 13

54 B. oleracea

3 2 5

    Louarn  (2007) 50 SSR 4

24 11 59 B. oleracea ( 5

) 10 SSR 0.5  (PIC 

value) 4
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8 51

Cold Spring Harbor Laboratory 454,274 B. oleracea Genome shotgun 

sequence C genome 44% (Ayele et al., 2005) SSR

46,949 SSRs 18,913 14,096

6,253 8,407 40 SSR

35 20 B. oleracea

 (Burgess et al., 2006)

B. oleracea

RFLP RAPD AFLP SRAP (Sequence – related amplified polymorphism, 

SRAP)  (Camargo et al., 1997; Figdore et al., 1993; 

Kearsey et al., 1996; Kennard et al., 1994; Kianian and Quiros, 1992; Landry et al., 

1992; Li et al., 2003; Moriguchi et al., 1999; Sebastian et al., 2000; Slocum et al., 

1990)  (fluorescent in situ hybridization FISH) 

B. oleracea  (Howell et al., 2002)

     SSR Li (2003)

 ‘An-Nan Early’  ‘Early Big’ F2

SRAP  (Li et al., 2003) Gau  (2007) 

1,062 SRAP 155 cDNA 26 SSR 14

BAC clone 9

 (BoLG1 ~ BoLG9) 703 cM 26 SSR 77

SRAP 5 BoLG1 BoLG9

Sebastian  (2000) Howell  (2000) 

N11 N19  (Gao et al., 2007)

    Iniguez-Luy 2008 3,500 GeneBank (http://ukcrop.net/perl/ace/ 

search/BrassicaDB) genomic shotgun sequences (GSS) 587 SSR

FITO SSR 146 SSR 120 RFLP

 ‘Early Big’ TO1000DH3

F1 891.4 cM 3.2

cM/marker (Iniguez-Luy et al., 2009)
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F1  (open pollinated 

populations, OP) F1

‘M-48 ’ ‘50 ’ ‘70 ’

OP 16

65 98

2009 12 10 - 14 2010 1 16 2010 2 14 2

26 50  (

) 3 4 3 2010 2

25 3 12 3 31 4 7 4 12

43  (15-15-15-4) 

2 1000 2  (20-20-20 HYPONeX®)

F1 OP

 ( ) (1994)

 (Chlorophyll meter SPAD- 502, 

Minolta, Japan) 

5
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Table 1. The cultivars and sources of Brassica oleracea crops tested.  

1 T-168 F1 1 Takii 

2 39 F1 1

3 45  (S-45) F1 1

4 65  (S-65) F1 1

5 35 (S-35) F1 1

6 80  (S-80) F1 1

7 8 48  (M-48), F1 2

9 50  (H-50), F1 1

10 60  (M-60), F1 1

11 F1 1

12 F1 1

13 F1 1

14 F1 1

15 F1 1

16 F1 1

17 F1 1

18 65 F1 1

19 Early white F1 F1 1 Burpee 

20 first white  F1 1 Burpee 

21 45  (B-45) F1 1

22 23 50  (B-50) F1 2

24 25 70  (B-70) F1 2

26 F1 1

27 F1 1

28 F1 1

29 F1 1

30 F1 1

31 F1 1

32 814 F1 1 Takii 

33 F1 1

34 F1 1

35 F1 1

36 F1 1
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 Table 1. continued. 

37 F1 1 Takii 

Ch1~16 OP* 16 

38 F1 1

39 F1 1

40 F1 1

41 F1 1

42 F1 1

43 F1 1

44 F1 1

45 F1 1

46 F1 1

47 F1 1

48 F1 1

49 45 F1 1

50 50 F1 1

51 52 F1 1

52 60 F1 1

53 104 F1 1

54 F1 1

55  T-530 F1 1 Takii 

56  T-968 F1 1 Takii 

57 F1 1 Takii 

58  T-523 F1 1 Takii 

59  Takii F1 1 Takii 

60 F1 1

61 1 F1 1

62 Winner F1 1 Takii 

63 kale Winterbor F1 1 Park seed 

64 kale Redbor F1 1 Park seed 

65 F1 1

66 F1 1

Bru1~16 OP* 16 

*Open pollinated 
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SSR

  1. SSR

SSR http://www.brassica.info UK

CROPNET Brassica database (http://ukcrop.net/per/ace/search/BrassicaDB)

genetic marker

(HRI Horticulture Research International UK)

 (Lagercrantz et al., 1993; Lowe et al., 2002; Lowe et al., 2004; Smith and 

King, 2000; Szewc-McFadden et al., 1996) HRI

1 5 1 2

SSR SSR

(Iniguez-Luy et al., 2009; Iniguez-Luy et al., 2008; Louarn et al., 2007; Tonguc and 

Griffiths, 2004) http://www.brassica.info

 (Gao et al., 2007; Iniguez-Luy et al., 2009)

SSR

multiplex-ready PCR SSR

5’ 5’ACGACGTTGTAAAA 3’

5’CATTAAGTTCCCATTA 3’ PCR

 (VIC PET NED 6-FAM) tagF tagR

24 DNA

 ( )

    SSR tagR

 (Tri-I Biotech, Inc.)  (VIOGENE) 

 (VIC PET NED 6-FAM) tagF

 (Applied Biosystems, ABI) 

2. DNA

0.05 g 2 ml

DNA  (Doyle and Doyle, 1990) CTAB
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800 l CTAB-PVP  (2 % CTAB, 1.4 M NaCl, 20 mM 

EDTA, 100 mM Tris-HCl, 100 mM Trisma Base, pH 8.0  0.2 % -ME 

(2-mercaptoethanol), 1 % PVP) 65

30 16,000 g (14,299 rpm) 10

1.5 ml 500 l chloroform:isoamyl alcohol (24:1) vertex

30 16,000 g (14,299 rpm) 10

1/2 5M NaCl 0.6 isopropanol

1 5,009g (8,000 rpm) 5

1 ml wash buffer (0.2 M sodium acetate (NaOAc) 75 % ethanol) 

DNA 16,000 g (14,299 rpm) 5 wash buffer

1 ml 75 % ethanol DNA 16,000 g (14,299 rpm) 

5 ethanol 50-100 l TE buffer

DNA  - 20 QH2O

10 ng/ l

2 l DNA  (Nano Drop-1000) 1 l

6 × Loading dye (0.2 % bromophenol blue 0.2 % xylene cyanolo FF 60 % 

glycerol 60 mM EDTA) 1 % Agarose 0.5× TBE buffer 100 V

DNA

3. SSR multiplex-ready PCR 

Hayden et al. (2008) multiplex-ready PCR

Post-PCR multiplexing PCR SSRs

10 l

20 ng DNA 1 × ImmoBuffer (Bioline 16 mM (NH4)2SO2 , 0.01 % Tween-20, 

100 mM Tris-HCl, pH 8.3) 1.5 mM MgCl2 0.2 mM dNTP 40 nM Forward

40 nM Reverse 80 nM tagF  ( VIC

PET NED 6-FAM tagF ) 80 nM tagR

0.25 U Taq DNA Polemerase (Bioline) QH2O 10 l

 (GeneAmp® PCR System 9700, PE Applied Biosystems) 

95  10 92  30 63  1 30 72  1
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20 92  15 54  30 72  1 40 72  30

4

4.

PCR VIC PET NED 6-FAM 1 3 2 2

0.5 l 0.25 l GeneScanTM 600 Liz® size 

standard (Applied Biosystems, ABI) 9.25 l Hi-DiTM formamide (Applied 

Biosystems, ABI) 10 l 95 3

 (Prism® 310 Genetic Analyzer, ABI) 

SSRs Gene Mapper® v 

4.0 (Applied Biosystems, ABI) 

1.

 (GeneScanTM 600 Liz®

size standard) 

Auto Bin

stutter band

 (stutter band) 

 ( b)

1

0 0.5

multiple alleles

 ( g)

2.  (Polymorphism information content, PIC) 
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Botestein 1980 PIC value Anderson 1993

 (Anderson et al., 1993; Botstein et al., 1980; Louarn et al., 2007)

2

1
1

n

i ij
j

PIC p

pij i j n

3.

Modified Roger’s Distance (MRD) 

(Morales et al., 2010; Reif et al., 2003)

2

1 1

1 ( )
2

inm

w ij ij
i j

d p q
m

pij qij i j

m ni

AA BB AB 4 AA

0101 BB 0202 AB 0102 TFPGA ver.1.3 

(Miller, 1997) 

Modified Roger’s Distance (MRD) 

4.

NTSYS pc2.2  (Rohlf, 2008) Cluster

SAHN  (Unweighted pair-groupmethod, 

arithmetic average, UPGMA) WARN

5.  (Principal Coordinate Analysis, PCoA) 

 - 0.5 NTSYS pc2.2
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Transformation Dcenter

ordination Eigen  (eigenvalue)  (eigenvector) 

SigmaPlot 2001 for Windows ver. 7.0 (SPSS Inc.) 
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58 SSR

Table 2. Summary of 58 SSR markers tested in this study. 

No. Marker 

name 

Chr. 

No.a

Motif Observed 

Size

Range

Number 

of 

 alleles b

Observed

Genotype b

PIC b b Panel c reference

1 MB1  (GA)9 189-191 2 3 0.4467 VIC 1 (a) 

2 MB2  (GA)2GC(GA)4A(GT)2 69-160 11 - - - - (a) 

3 MB4 C9 (TG)10 87-100 4 7 0.3347 NED 1 (a) 

4 MB5  (AT)3GT(AT)4(GT)8 116-118 2 - - - - (a) 

5 BN12A C1 (GA)11(AAG)4 274-315 4 7 0.5715 VIC 2 (b) 

6 BN38A  (TG)11 182 1 - - - - (b) 

7 BN72A C4 (TAA)5(GA)9 269-276 7 - - - - (b) 

8 BN83B1 C3 (GA)11 211-220 4 9 0.7265 6-FAM 2 (b) 

9 CALSSR C1 unknown 167-183 3 - - - - (c) 

10 SSR Na10-D03  (GT)11 176-203 3 5 0.4999 NED 3 (d) 

11 SSR Na10-E02  (GA)24 89-150 7 - - - - (e) 

12 SSR Na10-F06  (CCG)6 126-144 3 4 0.5065 VIC 4 (e) 

13 SSR Na12-A01  (CT)34 142-170 8 - - - - (e) 

14 SSR Na12-A02  (CT)16 186-192 3 5 0.6094 NED 4 (e) 

15 SSR Na12-A07  (GT)11 178-182 2 5 0.4633 6-FAM 4 (e) 

16 SSR Na10-B10  (GGC/A/T)18 155-240 4 - - - - (e) 

17 Ni4B10 C8 (CT)20 203-220 4 - - - - (e) 

18 Ol10F11 C8 (GGC)7 174-179 2 2 0.3992 PET 1 (e) 

19 Ol12F2 C6 (TC)29 176-194 5 - - - - (e) 

20 Ol12G4 C7 (TC)24 112-166 5 - - - - (e) 

21 Ol10H4 C4 (CT)29 206-215 4 - - - - (e) 

22 Ol12D5 C7 (CT)32 137-165 12 27 0.8488 PET 7 (e) 

23 Ol10F12 C2 (CT)64 139-167 4 - - - - (e) 

24 Ol11H8 C2 (AG)24 - - - - - (e) 

25 BoABI1  (TC)16 188-206 7 15 0.7375 VIC 5 (f) 
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Table 2. continued. 

No. Marker 

name 

Chr. 

No.a

Motif Observed 

Size

Range

Allele 

Number b

Observed

Genotype b

PIC b b Panel c reference

26 BoPC15  (TTTTA)2(ATA)7 200-208 5 9 0.6047 PET 5 (f) 

27 BoPLD1  (CT)7(AT)7-1 289-298 3 6 0.4984 NED 5 (f) 

28 BoCALa  (AT)5(TA)6 231-251 7 12 0.7750 6-FAM 5 (f) 

29 BoCALb  (TA)6-1 266-270 3 6 0.5859 PET 3 (f) 

30 BoCALc  (TAA)3-1(AT)7-1 (AT)3 209-228 4 - - - - (f) 

31 BoREM1b  (AAG)5 193-214 3 6 0.5137 PET 4 (g) 

32 BoDCTD1  (AGA)6 168-191 4 8 0.6716 6-FAM 3 (g) 

33 BoCAM1  (GA)5 235-240 2 4 0.2635 VIC 6 (g) 

34 BoKAH45TR  (TTG)6 - - - - - (g) 

35 BoIAB20TR  (CAC)9 162-165 2 - - - - (g) 

36 BoIAB19TF  (GA)6 273-284 5 6 0.5864 NED 6 (g) 

37 BoIAB94TF  (CGG)5 222-224 2 3 0.4325 VIC 7 (g) 

38 BoPC34  (ATG)5 158-162 2 3 0.4998 6-FAM 6 (g) 

39 FITO353 C5 unknown 342-358 5 7 0.4564 6-FAM 7 (h) 

40 FITO259 C5 unknown 257-258 2 - - - - (h) 

41 FITO497 C7 unknown 352 1 - - - - (h) 

42 FITO398 C7 unknown 398-408 4 - - - - (h) 

43 FITO472 C7 unknown 383-390 2 - - - - (h) 

44 FITO161 C2 unknown - - - - - (h) 

45 FITO102 C4 unknown 262 1 - - - - (h) 

46 FITO514 C4 unknown 390-414 2 - - - - (h) 

47 FITO400 C6 unknown 250 1 - - - - (h) 

48 FITO565 C6 unknown 405-406 2 - - - - (h) 

49 FITO377 C4 unknown 361-373 2 - - - - (h) 

50 FITO067 C6 unknown 418 1 - - - - (h) 
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Table 2. continued. 

No. Marker 

name 

Chr. 

No.a

Motif Observed 

Size

Range

Allele 

Number b

Observed

Genotype b

PIC b b Panel c reference

51 FITO043 C6 unknown 180-203 5 6 0.5680 NED 8 (h) 

52 FITO036 C6 unknown 214-223 2 3 0.3592 6-FAM 8 (h) 

53 FITO190 C6 unknown - - - - - (h) 

54 FITO429 C6 unknown - - - - - (h) 

55 sORA21b C6 (GA)22 110-150 12 - - - - (i) 

56 sORA26 C5 (GA)5 108-110 2 3 0.3800 PET 2 (i) 

57 sORA43 C5 (GGC)7 193-207 5 9 0.6999 NED 2 (i) 

58 Ap1a 5pr C9 unknown 203-225 6 - - - - (j) 

           

 All loci    3.96 6.92 0.5399    

a. Chromosome number C
C genome

b. Allele Number Observed Genotype PIC Label Panel

c. post-PCR multiplexing panel

(a) (Lagercrantz et al., 1993)
(b) (SzewcMcFadden et al., 1996)
(c) (Smith and King, 2000)
(d) (Lowe et al., 2002)
(e) (Lowe et al., 2004)
(f) (Tonguc and Griffiths, 2004)
(g) (Louarn et al., 2007)
(h) (Iniguez-Luy et al., 2008)
(i) HRI unpublished (Periam, N; King GJ)
(j) HRI unpublished (Barker GC)
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2009 12 10 - 14 2010 2 25 4

7  ‘45 ’ ‘65 ’ ‘ ’ ‘first white’ 

 ‘ ’ 2010 3

5 2010 6 20

 ‘35 ’ ‘48 ’  ‘45

’ ‘50 ’  ‘ ’  ‘70 ’ ‘80

’  ‘50 ’

 (5 )

 ‘ T-1-168’ ‘39 ’ ‘ ’

 ‘ ’ ‘ ’ ‘70 ’ ‘ ’

‘ 2 ’  ‘ ’

 ‘ ’  ‘ ’ ‘

’

 (58-64 )  (76-87 )  (97-107

)  (69 )  (83-88 )  (92-108 )

 (67-75 )  (80-81 )  (88-101 )

 ( )

45

60 80 50 - 60

70 - 90 100 - 120 50 - 60

60 - 65 70
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38.4 57.7

50.3 63.7 43.8 66.8 51.6 62.9

58.7 38.7 33.4 41.7

4

 ‘ ’  ‘ ’  ‘ ’  ‘ ’

 (structural male sterility)

‘ ’ ‘ ’  ( ) Ogura CMS

 (Forward Primer 5'-AGAGGAATTGGTCAACTCATCA-3‘ Reverse

Primer 5’-ATCCCTGCAGACAGCTTCATTAC-3’) (Yamagishi and Terachi, 1997; 

Yamagishi and Terachi, 2001) Ogura

(Cytoplasmic male sterility, CMS)  ‘ ’ ‘ ’

  1.

58 SSR 26

 ( )

BoKAH45TR Ol11H8 FITO161  FITO190 FITO429

 ( e) SSR

Na10-E02 FITO398 FITO472 FITO565 FITO497 MB5 Ol10H4 FITO259

FITO514 2

multiple allele ( g) sORA21b SSR Na10-B10 BoIAB20TR FITO514

Ap1a 5pr multiple allele

Ap1a 5pr kale Redbor BN38A FITO102

FITO400 FITO377 FITO067

MB2 SSR Na12-A01

( f)

 null allele MB5 Ol10F12 FITO565
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CALSSR Ni4B10 Ol12F2

Ol12G4 Ol10H4  ( d) BN72A FITO353 addition of adenine

Tag DNA DNA DNA

 (adenine) ( a) addition of adenine

Tag DNA

addition of adenine addition of adenine

BN72A addition of 

adenine  ( c)

FITO353
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(a)                                 (b) 

(c)                                  (d) 

(e)

SSR
Fig. 1 Different expressions of SSR markers in this study. 
(a) 1 addition of adenine

2
(b) (c) addition of adenine

(d)
(e)

12
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(f)                                  (g) 

Fig. 1 Continued. 

(f)

(g) Multiple allele 4

4

Ol12D5 bin 98 GeneMapper 4.0
SSR  (bp)
 (bin) bin

Fig. 2 The bin expression of Marker Ol12D5. 
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2.

26 SSR 8 panel

98 MB1 Ol10F11 MB4 BN12A BN83B1

sORA26 sORA43 BoCALb SSR Na10-D03 BoDCTD1 SSR Na10-F06

BoREM1b SSR Na12-A02 SSR Na12-A07 BoABI1 BoPC15 BoPLD1 BoCALa

BoCAM1 BoIAB19TF BoPC34 BoIAB94TF Ol12D5 FITO353 FITO043

FITO036 10 B. oleracea 9

7

26 SSR 98

2 MB1 Ol10F11 sORA26

BoPC34 BoIAB94TF FITO036 6

Ol12D5 12 3.96  ( ) Ol10F11

98 2 Ol12D5

27 type SSR 6.92

26 SSR 103  ( ) 6

Ol10F11-174 sORA26-108 Na10F06-126 Na12A02-186

BoCAM1-240 FITO043-197 17

sORA43-205 bp BoCALa-251 bp sORA43-203 bp

Na10-D03-203 bp BoDCTD1-168 bp SSR Na10-F06-141bp BoCAM1-236 bp

Ol12D5-144 bp Ol12D5-152 bp FITO353-349 bp BN12A-311 

bp BoABI1-204 bp BoIAB19TF-275 bp BoIAB19TF-284 bp BoIAB94TF-137 bp

 FITO043-196 bp FITO043-199 bp

 ( )
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SSR

Table 3. Allele frequencies at 26 SSR loci in different varieties of B. oleracea.

marker allele 
(n=21) (n=24) (n=16) (n=11) (n=21) (n=2) (n=2) (n=1)

MB1 189 0.929  0.460  1.000   
191 0.071  0.540  1.000  1.000 1.000  1.000  1.000 

Ol10F11 174 0.048  1.000  1.000  0.909 0.714 1.000 1.000  1.000 
179 0.952   0.091 0.286 

MB4 87  0.060   0.024  0.500 
94    0.182 0.429    

98 1.000  0.780  0.844  0.818 0.595 1.000 1.000   

100  0.160  0.156   0.500 

BN12A 274 0.214  0.760  0.688  0.091  1.000 
311   0.313       

313 0.786  0.240   0.591 1.000 1.000 0.500   

315  0.318  0.500  

sORA26 108 0.952  0.960  0.750  1.000 0.143 0.500 1.000  1.000 
110 0.048  0.040  0.250   0.857 0.500 

sORA43 193  0.020  1.000  
202 0.071  0.300   0.955 1.000 1.000 1.000  1.000 

203  0.120        

205 0.929         

207  0.560   0.045 

BN83B1 211  0.260  0.031  0.318 0.071 0.500  1.000 
212 0.976  0.060        

216 0.024  0.180   0.682 0.929  1.000   

220  0.500  0.969   0.500 

BoCALb 266  0.140  0.563  0.682 1.000 0.250 0.250  1.000 
268 1.000  0.700  0.063  0.318  0.750 0.750   

270  0.160  0.375  

Na10-D03 176  0.740  0.656  0.909 0.881 0.750 1.000  0.500 
189 1.000  0.120  0.344  0.091 0.167 0.250  0.500 

203  0.140  

BoDCTD1 168  0.120  
180 0.905  0.240   0.091 0.643 0.250  1.000 

189  0.540  0.500   0.095 0.250   

191 0.095  0.100  0.500  0.909 0.310 0.500 1.000  

Na10-F06 126 0.548  0.320  0.375  0.682 0.952 0.500 0.500  1.000 
141  0.100        

144 0.452  0.580  0.625  0.318 0.048 0.500 0.500  
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Table 3. continued. 

marker allele 
(n=21) (n=24) (n=16) (n=11) (n=21) (n=2) (n=2) (n=1)

BoREM1b 193 0.619  0.040  0.969 0.045 
196 0.238  0.960  0.031  0.864 0.976  1.000  0.500  

214 0.143   0.091 0.024 1.000   0.500  

Na12-A02 186 0.595  0.640  0.250 0.909 0.095 0.250 1.000  0.500 
190 0.405  0.360  0.750   0.286 0.500   0.500  

192  0.091 0.619 0.250  

Na12-A07 176 0.048  0.020  
178 0.762  0.440  0.969  0.227 0.786 1.000   0.500  

182 0.190  0.540  0.031  0.773 0.214  1.000  0.500  

BoABI1 188  0.720  0.136 0.048  0.500 
192   0.375  0.045     

198  0.040  0.219   0.024 0.750    

200 1.000  0.200   0.227 0.571 0.250  0.500  0.500  

202  0.040   0.409 0.381  0.500   

204   0.406       

206  0.182 0.024 

BoPC15 200 0.952  0.260  0.364 0.929 0.500  0.500 
202 0.024  0.040   0.591 0.048 0.250  0.500   

203    0.045    0.500  

206 0.024  0.680  0.844   0.024 0.750    

208  0.020  0.156  

BoPLD1 289 1.000  0.220  0.136 
296  0.560  1.000  0.864 1.000 0.500  1.000   

298  0.220   0.500   1.000  

BoCALa 231 0.409 0.786 0.500  
233  0.400  0.750    0.500   1.000  

241  0.120  0.188   0.024    

242     0.071 0.500    

245 0.143  0.340  0.063   0.024    

247 0.833  0.140   0.591 0.095  0.500   

251 0.024  

BoCAM1 235 0.333  0.200  0.031 0.500 
236  0.060        

240 0.667  0.740  0.969  1.000 1.000 0.500  1.000  1.000  



35 

Table 3. continued. 

marker allele 
(n=21) (n=24) (n=16) (n=11) (n=21) (n=2) (n=2) (n=1)

BoIAB19TF 273 0.182 0.048 
275   0.500       

282 0.143  0.320   0.364 0.381  0.500  1.000  

283 0.857  0.680  0.188  0.455 0.571 1.000  0.500   

284  0.313  

BoPC34 158 0.976  0.440  1.000 0.182 0.500  0.500 
162 0.024  0.560   0.818 1.000 1.000  0.500  0.500  

BoIAB94TF 222 0.340  0.500 0.227 0.452 0.500 0.250  1.000 
224 1.000  0.660  0.500  0.773 0.595 0.500  0.750   

Ol12D5 137  0.031  
144  0.020  

146  0.060  0.250   0.095    

148  0.040    0.095    

152  0.040        

156 0.143   0.031   0.405    

157 0.310  0.380   0.318 0.048 0.250    

158   0.063   0.143    

159 0.452     0.167 0.500    

161 0.095  0.040  0.563    0.250    

163  0.420  0.063  0.682 0.024  1.000  1.000  

165  0.020   0.024 

FITO353 343 0.357  0.909 0.048 0.500  1.000 
344   0.313    0.500    

346  0.080        

349  0.060        

358 0.643  0.860  0.688  0.091 0.952 0.500  0.500  

FITO043 180 0.095  0.160  
196     0.048    

197 0.048  0.680  1.000  0.136 0.690 0.250  0.250  1.000  

199      0.250    

203 0.857  0.160   0.864 0.262 0.500  0.750  

FITO036 214 0.095  0.320  0.125 0.091 0.375 0.500  1.000 
223 0.905  0.680  0.875  0.909 0.675 0.500  1.000  

Totel allele 103 53 78 54 55 63 47 37 34 
Fixed allele  6 1 6 3 7 9 15 18 

 2 9 5 0 1 0 0 0 
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26 SSR Modified Roger’s Distance 

(MRD) 98

0.098 0.8605

0.651 ( )

UPGMA 98

0 0.738 0.098

0.738

0.685

0.604

‘ -T1-168’ 0.515

‘Early white’ ‘ 65 ’

0.677

0.653 0.645

0.568

 (1 )  (2 )

‘B-50 ’ ‘B-70 ’ ‘48 ’

SSR  ‘B-70 ’

0 ‘B-50 ’ ‘48 ’

‘48 ’ - 1 - 2 0.22 ‘B-50 ’

-1 -2 0.42 OP

16 0.098

0.41 0.31 0.49  ( )
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 ( )

Table. 4 continued. (broccoli) 
B-50

-1
B-50

-2
B-70

-1
B-70

-2  814 B-45

B-50 -1             

0.5460            

B-50 -2 0.3922 0.4494           

0.4903 0.3536 0.4274          

0.4599 0.5000 0.4385 0.4385         

70 -1 0.4274 0.4160 0.4043 0.4274 0.5000        

70 -2 0.4274 0.4160 0.4043 0.4274 0.5000 0.0000       

0.5460 0.4160 0.5095 0.4274 0.4804 0.4599 0.4599      

0.5281 0.3922 0.5000 0.3397 0.5281 0.4385 0.4385 0.3922     

0.5460 0.3252 0.4494 0.3922 0.4160 0.4274 0.4274 0.2942 0.3922    

814 0.4385 0.4160 0.4043 0.4274 0.4804 0.3252 0.3252 0.4599 0.4385 0.3669   

B-45 0.4903 0.4160 0.2774 0.4385 0.4903 0.4160 0.4160 0.4385 0.4494 0.3669 0.3397  

 ( )

Table. 4 continued. (kale, broccolini) 

 kalewinterbor kaleredbor 

kalewinterbor   

kaleredbor 0.6355  0.3798  
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 (Principal Coordinate Analysis, PCoA) 

14.03 % 10.40 % 6.78

%

 ( )

31.21 %

 (

)

8

0.623 0.596 0.553 0.516

0.455

0.427 0.197

41.5 % 26.8 % 16.99 %

85.29 %
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Fig. 4 Two-dimension PCoA analysis of cultivars of B. oleracea by 26 SSR markers. 
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Fig. 5 Three-dimension PCoA analysis of cultivars of B. oleracea by 26 SSR markers. 
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Modified Roger’s Distance (MRD) 

Table 5 Genetic distance between varieties defined by Modified Roger’ s Distance based on 
  allele frequencies at 26 SSR loci in different varieties. 

0        

0.5368 0       

0.6591 0.4348 0      

0.5967 0.4234 0.5853 0     

0.6339 0.4837 0.5882 0.4198 0    

0.5837 0.4410 0.5528 0.5298 0.5168 0   

0.6153 0.4297 0.6023 0.1968 0.4602 0.5760 0  

0.7326 0.5267 0.6334 0.5611 0.5945 0.6355 0.6260 0 

Modified Roger's Distance
            0.00            0.05            0.10            0.15            0.20            0.25            0.30            0.35            0.40            0.45            0.50            0.55            0.60            0.65            0.70

7 UPGMA
      Modified Roger’ s Distance
Fig. 6 UPGMA dendrogram of seven variety of Brassica oleracea and broccolini. Genetic

distance is defined by Modified Roger’ s Distance.
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Fig. 7 Two-dimension PCoA analysis of seven varieties of B. oleracea and broccolini by  
      26 SSR markers. 

7 26 SSR
Fig. 8 Three-dimension PCoA analysis of seven varieties of B. oleracea and broccolini by  
      26 SSR markers.
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 (cole crops) 

B. oleracea

7

 ( )  ( )

7

 (1)  (2)  (3)

Song  (1988b) RFLP C

genome B. oleracea

(1)  (2)  (3)

MRD 0.606 0.679 0.665 0.677 0.731

0.757 MRD

 (Crisp, 1982; Gray, 1982)

RAPD ISSR

 (Lu et al., 2009) ‘ T1-168’

 (2002) AFPL

‘ T1-168’ 

 (2007) 

 ‘ T1-168’ 

B. oleracea

Bailey (1922) 
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(Brassica alboglabra Bailey) (Vaughan, 1977)

 (n=9)  (1998) 

Song

RFLP B. oleracea L. var. 

ramosa DC. (thousand headed kale) 

 ‘Takii ’ ‘Takii

’ RMD 0.642

8

 (error) 

OP 16 RMD

0.454 0.563 0.310

0.316 0.509 0.098 OP 16

    Muhammet  (2004) 13 SSRs 3

54 49 Louarn (2007) 11

59
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51 PIC 0.64 0.56

95

26 PIC 0.54 11 PIC 0.5

15 PIC 0.5

 ‘B-70 ’ SSR

 ‘B-50 ’  ‘48 ’

 ‘48 ’ - 1 ‘48 ’- 2 0.22 ‘B-50 ’-1

 ‘B-50 ’-2 0.42 F1  ‘48 ’ - 

1  ‘48 ’- 2 SSR SSR

Na12-A07  ’48 ’ -1 BC ( 7

) -2 BB ( 8 ) BoIAB19TF

CC DD C D 1 bp

    ‘B-50 ’ 13 1 12

-1 ( 22 ) 8 4

-2 ( 23) 3 9

20

26 76.9 % 57.7 %

 ‘B-50 ’ -1

OP F1

 (Tommasini et al., 2003) 10 48
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F1 marker

4  ‘ ’  ‘

’  ‘ ’  ‘ ’  ‘ ’  ‘ ’

Ogura  (Cytoplasmic male sterility, CMS) Ogura 

CMS 1968 Hiroshi Ogura

 (Ogura, 1968)

orf138  (chimeric gene)  (Bonhomme et al., 1991; 

Bonhomme et al., 1992; Krishnasamy and Makaroff, 1993)
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1994
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1992
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AFLP 29(1):72-74

2004

1998

2005 - ( )

1998  19:82-86

2007  ( )

2 10:63~64
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Appendix 1.The investigate of quantified characters of the cultivars of B. oleracea. 

( ) (cm) (cm) (cm) (mm) 

45  (B-45) ( 45 ) 15 52.2 20 15.5 13 17.75 1/16 69 13 

50  (B-50) ( 50 ) 17 60.8 16 15 17 21.14 12/10 83 8 

70  (B-70) 30 53.9 24 20.5 19 27.50 1/16 93 37 

( ) 27 57.1 25 17 19 27.14 1/16 108 52 

814  18 60.1 19 15.5 13 13.85 2/26   

( 52 ) 15.5 63.7 16.5 15.5 14 28.00 12/14 88 17 

( 75 ) 36 58.5 21.2 15.2 18 30.60 1/16 92 36 

( 57 ) 23 58.9 20 17 15 20.57 2/14 86 33 

( 78 )   50.3     1/16   

( 57 ) 19 58.5 18 14 16 18.50 1/16 101 45 

 25  55.8 19 18 12 19.02 2/14 72 19 

45~60 26 54.9 14 13.7 14 11.35 12/10 74 -1 

 33 59.9 17.3 12.6 14 12.34 12/10 73 -2 

 21 51.6 11.5 12.3 11 11.66 12/10 70 -5 

 27 62.9 23.5 15 10 14.20 2/26 61 20 

OP  35 52.5 17.5 15 13 15.52 12/14 127 21 

60~85 26 55.3 17.5 14 17 21.95 1/16 100 44 

60~80 24 62.7 14 15 14 20.41 12/14 79 8 

-T 1-168  35 56.4 22.5 14.2 22 19.87 1/16 98 42 

39 ( 39 ) 14 38.4 14.2 10 14 11.77 2/14 64 11 

45  (S-45) ( 45 )   50     3/5   

65  (S-65) ( 65 )   53     3/5   

35  (S-35) 10 48.7 15.5 12 10 7.34 12/10 77 2 

80  (S-80) ( 80 ) 9.5 57.2 22.5 16.3 15 15.56 12/14 107 36 

48  (M-48) 13.5 51.4 17.5 11.5 14 9.34 12/10 58 -17 

50  (H-50) 12 50.7 10.5 8 14 7.10 1/16 87 31 

60  (M-60)   52.4        

65 65 12.5 54.9 21 14.7 12 10.44 2/14   

( 80~85 ) 13 56.1 23.5 16 13 16.83 2/14 97 44 

( 45 )   53.4     3/5   

( 75 ) 9 47.7 20.5 14.5 14 17.50 2/14 84 31 

( 65 ) 14 49.5 13 9 14 13.37 12/14 79 8 
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Appendix 1 continued. 

( ) (cm) (cm) (cm) (mm) 

( 50 ) 9 49.3 17.2 12.8 19 12.92 1/16 76 20 

 21 43.6 18.5 9.7 11 9.14 2/26 59 18 

(40 60 ) 10 50.4 18 12 13 12.98 1/16 80 24 

Early white 52 11 57.7 24 17 14 12.62 2/26   

first white 50   44.4     3/5   

45 ( 45 ) 7.5 45.9 15.5 16.5 11 11.42 1/16 80 24 

50 ( 50 ) 5.5 43.8 13.5 12 14 12.41 1/16 81 25 

52 ( 52 ) 7 50.9 15 16 16 13.97 1/16 75 19 

60 ( 60 ) 6.5 47 19 20 14 16.97 1/16 75 19 

104 ( 70 ) 6 66.4 21.3 22.5 20 13.53 12/10 92 17 

( 60-65 ) 3.5 50 15 16 12 12.96 1/16 80 24 

T-530  5 48.2 21 21.5 15 16.44 1/16 75 19 

T-968  6  46.4 20 19 15 13.38 2/26 67 26 

 8  52.9 21.5 21 14 19.43 2/14   

T-523  9  53 18.5 19 15 19.17 2/26   

( 60 ) 5.5 55 17 16.5 20 8.16 1/16 75 36 

( 50 ) 6 50.7 18.5 16 14 14.51 2/14 73 27 

( 53 ) 11 53.5 17 19 19 14.28 1/16 75 19 

( 45 ) 6.5 66.8 17 16.5 20 10.54 12/10 92 17 

( 50 ) 9 54.1 22 23.5 19 15.70 2/14   

( 55 ) 11 50 26 27.5 15 14.22 2/14 73 27 

( 75~85 ) 12 55.9 22 21 17 17.83 2/14 75 29 

( 70~80 ) 6 49 16.5 18 16 12.03 1/16 80 24 

( 100 ) 10 54.2 23 23 15 16.81 2/14 73 27 

( 55 ) 9 56.2 19.5 18 23 12.12 12/14 88 17 

( 60-65 ) 9.3 52.8 22.5 21 16 10.49 12/14 101 13 

( 65 ) 5.5 53.5 19 20.5 17 11.19 12/14 89 18 

Takii ( 80 ) 13 52.7 19 15 11 12.27 2/26   

1 ( 60 ) 10 57.6 18 20 25 8.51 12/10 92 17 

winner  3.8 58.7 27 17.5 12 9.03 12/14 135 64 

17 38.7 14 13 18 13.32 2/14 - - 

kale winterbor 65 19 41.7 17.5 13 16 9.63 2/26 - - 

kale redbor 65 7 33.4 14 9.5 12 6.95 2/26 - - 
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Appendix 2. Horticulture characters of the cultivars of B. oleracea. 

-T 1-168 39.73  

39  58.3 

45  (S-45)       

65  (S-65)       

35  (S-35) 50 

80  (S-80) 67.79 

48  (M-48) 

50  (H-50) 30.4  

60  (M-60)       

65     

48.02  

      

25  

65.74 

110.0 

Early white F1 

first white        
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Appendix 2. continued.

45  (B-45) 80   

50  (B-50) 72.7 

70  (B-70) 71.71   

52.98 

814      

130 Ogura CMS 

118.54 Ogura CMS 

60.98 

      

75   

 80 

 31.73 

Appendix 2. continued.

2.08 

1.86 

2.38 

1.91 

2.7 

OP 2.69 
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Appendix 2 continued. 

(g) 

45 160 

50 300 

52 -

60 500 

104 750 

-

T-530

T-968      

   

T-523    

300 

   

200 

500 

   

   

 250 

   

390 

 320 
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1 600 
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SSR
Appendix 3. Allelic composition and size of 26 SSR loci in 98 cultivars of B. oleracea.

1 36 3 5 10 11 8 25 15 28 17 27 19 20 21 22 29 32 34 33 40 41 23 24 58 59

1 B A BC C A B A A AB D A B A B AC AD C C B AB GL E B CE CE B

2 B A B C B B C A A B A B B B D A C D B A C E B A C AB

3 B A AC C AB B C A A B A B B B DE A C D B B F E B A B B

4 B A BC C B B C A AB BD A B C B DE A C D B AB FH E B A CE AB

5 B B BC C B B C A A BC A B B BC DE A C C B B F E B A CE B

6 B B BC C B B C A AB CD A B C BC DE A C C B AB H E B A CE B

7 B B BC C B B C A A B A B B BC DE A C C B A DF E B A C B

8 B B BC C B B C A A B A B B B DE A C D B A DF E B A C B

9 B A B C B B C A A B A B B C D AB C C B AB I E B F C AB

10 B A BC C B B C A AB BD A B C B DE A C D B AB I E B A C AB

11 B A C C B B C A A BD A B C B DE A C D B AB H E B A E B

12 B B BC C B B C A A B A B C B DE A C D B AB F E B A C B

13 B A BC C B B C A A BD A B C B DE A C D B B CI E B A CE A

14 B A BC C B B C A A B A B C BC DE A C C B AB FH E B A C A

15 B A BC C AB B C A A BD A B C BC DG A C C B B CF E B AD C A

16 B A C C B B C A A BC A B C B DE A C D B B F E B A C B

17 B B C C B B C A A B A B C B DE A C C B AB F E B A C A

18 B A C C B B C A A B A B C B D A C D B A F E B A C A

19 B A C C B B C A AB BD A B C B D A C D B A FH E B A C A

20 B A C C B B C A AB CD A B C B D A C D B B D E B D E B

21 B A C AC A B AC AB AB BD A AB A C BE AB C D AB AB GK A AB F E B

22 B B BC C A BE C B A D C B A C EG AB C C AB B K A B F CE B

23 B A C AC A B AC B AB BD AC B A C AE AB C C AB AB GK A AB F E B

24 B A BC C A B AC A A D C BC A C AE AB C A B B GK A B F E B

25 B A BC C A B AC A A D C BC A C AE AB C A B B GK A B F E B

26 B A C D A B AC A A D A B A BC DG B C A B AB GK A AB AF CE B

27 B A C CD A B AC A A D A B A B E B C C B B K A B AF E B

28 B A CD A A BE BD AB A BC BC B AB C A D C D A B GK C A B C B

29 B A C C A B C A A D A B A C DG B C D B B GK E B A E B

30 B A C CD A B C A A D AC B A B EG B C D B B GK A B AF E A

31 B A BC CD A B C B A D A B C C DE A C C B B K A B A E B
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Appendix 3. continued. 

1 36 3 5 10 11 8 25 15 28 17 27 19 20 21 22 29 32 34 33 40 41 23 24 58 59

32 B A BC CD A B AC A A D AC BC A C AE AC C D AB AB K A B F CE B

33 AB B C AC B BD BC B B BD A B A B D AB C D AB B G A A EF C A

34 A B C AC A BD B B B B A BC AB BC D A C C A B F A A E E B

35 A A C A A BD B B B BD A B A B D A C C A B G A A FG E B

36 A B C AC A D B B B B AC BC A BC D A C C A B IJ A A F E A

37 A B C AC A D B B B B AC C AB B D A C D A B GI A A F A B

ch1 B B C C A D B B B B AC B AB B D A A D A B F E A F E B

ch2 A B C AC A D B B B B AC A A B D A C D A B F E A EF E B

Ch3 A B C AC A D B B B B AC A AB B D A A D A B G A A F E B

Ch4 A B C C A D B B B D C A AB B D A AC D A B J E A F E B

Ch5 A B C C A D B B B B A A AB B D A C D A B I E A F E B

Ch6 A B C C A D B B B B AC A AB BC D A AC D A B I E A F E B

Ch7 A B C AC A D B B B B AC A B B D A AC D A B I E A F E B

Ch8 A B C C A D B B B B C AC A B D AD AC D A B I E A EF E B

Ch9 A B C C A D B B B B AC A B AC D A AC D A B I E A F E B

ch10 A B C C A D B B B B AC A B AC D A AC D A B G E A F E B

ch11 A B C C A D B B B B C B AB B D A C D A B I E A F E B

ch12 A B C C A D B B B B AC A B C D A AC D A B I E A F E B

ch13 A B C C A D B B B B AC A AB B D A AC D A B G E A F E B

ch14 A B C C A D B B B B A A A BC D A C D A B G A A F A B

ch15 A B C C A D B B B B AC AC A B D A C D A B I AE A F E B

ch16 A B C C A D B B B B AC A A B D A A D A B IJ E A EF E B

38 A A C A AB CE AD B AB C AC B A B CD D AC D AB B DK E BC B C A

39 A A C AC A E AD B A C AC B A B AD AD AC D AB AB GK E B E C A

40 A A CD AC AB E C B A BC C AB AB B AD AD C D AB B BG E C E C B

41 AB A AC A A AB D AC A CD AC B B B AD D C C B B EK E A B C B

42 B A CD A A E AD BC A C AC B A B A DE C D AB A EJ E B CF C B

43 B A C CD A B AC A A D A B A C D AB C D B AB GK A B A E B

44 B A CD AC A BE D B A CD AC B A AB A AD AC D B A G E C E A B

45 A A C A A BE D AB AB C BC B A C A AD AC C B AB CG E B B A AB
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Appendix 3. continued. 

1 36 3 5 10 11 8 25 15 28 17 27 19 20 21 22 29 32 34 33 40 41 23 24 58 59

46 A A CD A A BE AD B A B AC B AB B A D C D A AB G E B E A A

47 A A C AC A E AD B AC C AC B A BC AD AD AC C AB AB GK E B E C A

48 A A C A A CE A B AB BC AC B AB BC D BD AC C AB AB GK E B B C A

49 A A C AC A BE D AB A AC BC B AB C A D C D A AB K E A B C B

50 B A C A A BE D B A A AC B AB C DE AD C D A AB KL E B EF A B

51 B A C AC A BE CD AB A AC C B A C A AD C D A B K E AC B C B

52 B A AC A A BE CD B A D C B A BC A AD AC D AB B CK E B E C AB

53 B A C AC A B CD AC C B C B A BC A D C C B B CG E B B C A

54 B A C A A BC AD B B BC BC B AB B AD AD AC D B AB DK E BC B C B

55 A A C A A CE AC BC C BC AC B B C AE AB BC C B B GK E B F DE B

56 A A C A A E A B A C A B A C A AD C D B AB GJ E B F E B

57 B A AC A A BE D BC A C AC B AB BC A D C D AB B K DE B C C B

58 A A C AC A CE AC BC C BC AC B B BC AC AD BC D B AB GK E A CE CE B

59 B A D C A BE CD BC AB A C AB B C A D AC D AB A G D C CF E B

60 B A C AC A CE BC BC A BD AC B AB C A D BC C B AB GK E C CE E B

61 B A C AC A E AD B A C AC B A BC AD AD AC C AB B GK E B E C A

62 B A AD A A B A A AB B A BC AB BC AD AC C C AB A K A C B C A

63 A A C C A B A AB AB D A C AC B C D AC D B AB GJ B B B DE A

64 A A C C B B D B A BC C C B B CD BD AC D B AB I E C D CE B

65 B A C CD A B C B A D AC B A C DE AB C D AB B K A B F E B

66 B A C CD A B C AB A D AC B A C DE AB C C AB AB K E B A CE B

bru1 B A C AB A A D A B CD C A B B B D C E A B AF E B B C B

bru2 B A CD A B A D A AB CD A A AB B B D C E A B J E B B C B

bru3 B A CD B A A D AC AB D C A AB B B E C B A AB J E B B C B

bru4 B A C AB A A D C AB CD AC A B B B D C E A AB J E B C C B

bru5 B A C A A A D AC AB CD C A B B B D C E A A J B B B C B

bru6 B A C AB A A D A AB CD A A B B B D C B A A J E B B C B

bru7 B A C AB A A D AC A D AC A B B F D C BE A AB J E B B C B

bru8 B A CD A A A AD A AB C C A AB B F D AC BE A AB C B B B C B

bru9 B A CD AB A A D B A CD AC A AB BC F D C D A AB CK E B E C B

bru10 B A C A A A D A AB CD C A AB B F DE C D A B CK B B B C B
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Appendix 3. continued. 

1 36 3 5 10 11 8 25 15 28 17 27 19 20 21 22 29 32 34 33 40 41 23 24 58 59

bru11 B A CD A A A D AC AB D C A AB B F D C B A AB CJ E B B C A

bru12 B A C B B A D A A C C AB B B CF DE C B A AB J E B B C B

bru13 B A C AB A A D AC A CD C A A B C D C B A A CH B B B C B

bru14 B A C A B A D AC A C A A B B C DE C B A AB CH E B B C A

bru15 B A C A B A D C A C AC A B B F D C D A AB J E B C C B

bru16 B A C A A A D C AB D A A B B C D C B A AB CJ B B C C B

Alleles size (bp) 

A 189 174 87 274 108 193 211 266 176 168 126 193 186 176 188 200 235 273 158 222 137 343 289 231 180 214

B 191 179 94 311 110 202 212 268 189 180 141 196 190 178 192 202 236 275 162 224 144 344 296 233 196 223

C   98 313  203 216 270 203 189 144 214 192 182 198 203 240 282   146 346 298 241 197  

D   100 315  205 220   191     200 206  283   148 349  242 199  

E      207         202 208  284   152 358  245 203  

F               204      156   247   

G               206      157   251   

H                     158      

I                     159      

J                     161      

K                     163      

L                     165      
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